The study applies two methods to quantify convergence: sigma convergence and beta convergence. The rationale behind sigma convergence is that if countries become increasingly homogeneous over time, the cross-country distribution of transactions should become less dispersed. In estimations, this translates to the standard deviation having a negative time trend, i.e. it decreases over time. Beta convergence is based on the idea of a catching-up process; in countries which start from low-level use of a particular payment instrument, the volume or the value of transactions should grow faster than in countries which start from a higher level.
It is found that countries have become less dispersed in terms of cash, debit card, credit card, direct debit and credit transfer use in the period after the introduction of euro. However, in terms of cash use, cross-country convergence is very slow. For cheques and e-money, the standard deviation is volatile and there is no unambiguous evidence of sigma convergence, even in the period after the introduction of the euro. For beta convergence, countries that started from a low level of debit and credit card use have been catching up, when card use is measured in terms of the number of per capita transactions. There is also evidence of beta convergence for the value of direct debits and credit transfers.
Based on the results of the study, the positive fi nancial integration process in the retail payments market, which has been stronger since the introduction of the single currency, seems to have continued regardless of the period of fi nancial turmoil. However, despite the evidence of convergence for most payment instruments, payment behaviours have been slow to change and there are signifi cant cross-country differences. The present paper intends to aid policy-makers and market stakeholders in assessing the current and expected level of integration and future developments in the European retail payments market. INTRODUCTION Financial integration is important for both the smooth operation and the effi ciency of the payment system; promoting fi nancial integration is also one element of the Eurosystem's mission.
1 Measuring and monitoring the state of integration in the fi nancial market is, therefore, of great interest to the European Central Bank (ECB). To assess developments in the integration of the fi nancial markets, the ECB has constructed several quantitative indicators (ECB (2009)). During the recent economic crisis, integration has given way to more urgent matters and there is, in fact, some evidence that integration in the fi nancial markets started to deteriorate during the period of economic turmoil (ECB (2009); ECB (2012) ). In comparison to other segments of the fi nancial markets, integration in the retail payments market has been more diffi cult to quantify, and the effects of recent developments, including the creation of the Single Euro Payments Area (SEPA) or the economic crisis, have been hard to evaluate with existing measures of integration.
In this paper, integration is measured according to the convergence of cross-country payment habits. Integration of the retail payments market is likely to affect competition, prices and the payment infrastructure. More specifi cally, integration aids the cross-border diffusion of new and more effi cient payment technologies and practices. For payment providers, implementing new payment technologies is easier in a harmonised and integrated market. For consumers, the acceptance and availability of new payment instruments, and greater awareness of these instruments, increase the use of new payment technology. In an integrated market, it thus can be expected payment behaviours to converge towards the use of more sophisticated and effi cient payment instruments.
The degree of integration in the European capital and fi nancial markets varies between market segments. The money, bond and equity markets have reached a high level of integration, following the introduction of the single currency in 1999, while integration in other market segments, such as retail banking, has been more modest (ECB (2010) ). Unlike large value payments, the procedures, instruments and services offered to customers in the fi eld of retail payments have not yet been harmonised. This shortcoming is being addressed in the context of the Single Euro Payments Area (SEPA) project, which aims to achieve a fully integrated retail payments market and promote the integration of the retail banking market in general. Within SEPA, no distinction is made between national and cross-border payments; all euro payments are treated as domestic payments. However, even the successful introduction of SEPA does not guarantee the convergence of actual payment behaviour. Payment habits are slow to change, and payment market and pricing structures differ across Europe (see e.g. Heikkinen (2007) ; Jonker and Kosse (2008) ).
The effi ciency and performance of the retail payments system is an economically signifi cant question; according to a study by Schmiedel et al. (2012) , the social costs of retail payments amount to approximately 1% of the GDP of the European Union (EU). The convergence of retail payments has many implications for the overall performance of the economy. The fi nancial integration of the retail payments market facilitates the cross-border movement of people, goods and capital, and thus promotes the integration of the European single market. The convergence of payment behaviours can have an important role in the diffusion of new payment technologies and thus economic performance; there is empirical evidence that the electronifi cation of the retail payments system promotes economic growth (Hasan et al., (2012a) and banking performance (Hasan et al., (2012b) ). The convergence of cross-country habits is important because payment instruments are network goods; the benefi t of using a payment instrument depends on the number of other people using it: 2 1 See "The mission of the Eurosystem" on the ECB's website (http://www.ecb.int/ecb/orga/escb/html/mission_eurosys.en.html). 2 For a review of the literature on network externalities and two-sided markets, see, for example, Rochet and Tirole (2006) .
I INTRODUCTION
for example, the benefi t of having a payment card depends on how many retailers accept it, which in turn depends on how many people use the card. A well-known feature of network goods is that the market needs to reach a minimum size to achieve a sustainable equilibrium. If cross-country payment habits converge towards the use of non-cash payment instruments, the overall European market reaches the point at which there is enough critical mass for the market to become viable and grow further. SEPA is likely to accelerate this development by increasing network compatibility and economies of scale (Bolt and Schmiedel (2011) ).
In the present study, integration in the European retail payments market is measured using data on payments made in cash and using non-cash payment instruments. Building upon the quantitative fi nancial integration measures used in Adam et al. (2002) , an estimate of the effects of introducing the single currency on the integration of the retail payments market can be made. The aim of this study is to answer two questions: fi rst, did the retail payments market become more integrated during the period 1995-2011, as evidenced by the convergence of payment behaviours? Second, has integration been stronger in the period after the introduction of euro than in that before? The answers to these two questions provide important information concerning the level and evolution of integration in the European retail payments market. In this study, some preliminary evidence is also provided on the way in which integration has evolved since the creation of SEPA and during the economic crisis.
The methods used to estimate convergence in different segments of the fi nancial markets were originally developed in the literature on empirical growth. The study employs two such methods, namely sigma and beta convergence, to study integration in European retail payments. Earlier studies have relied on broad measures describing the fi nancial market infrastructure (Schmiedel and Schönenberger (2005) ), the concentration of the national retail payment infrastructure or the number of credit transfers processed in SEPA format (ECB (2010)), for example. In this paper, actual data on the volume and the value of transactions made in cash, by credit card, debit card, direct debit, credit transfer, cheque and e-money in the 27 EU countries during the period 1995-2011 are used to measure integration, rather than broad measures on retail payment infrastructure.
The study fi nds evidence that some degree of convergence for different payment instruments took place during our study period. The only exceptions are for cheques and e-money, for which there is no unambiguous evidence of either sigma or beta convergence. Evidence of convergence is most prevalent when it is measured as a decrease in the cross-country dispersion of the use of payment instruments over time. This sigma convergence was most evident during the last twelve years of our study period. Moreover, the speed of convergence has increased since the introduction of the single currency for most of the payment instruments studied. Beta convergence was also estimated, the negative relationship between the previous period's volume or value of transactions and the subsequent growth rate of transactions. Evidence of beta convergence is found for the volume of debit card and credit card transactions, and for the value of the remote payment instruments, that is, for direct debits and credit transfers.
Based on the fi ndings of the study, there is evidence of convergence for the payment behaviours in European countries, and the convergence process has accelerated since the introduction of the single currency. Cheques and e-money are, however, the exceptions, as countries diverge in their use of these two payment instruments. Moreover, the speed of sigma convergence for cash is very slow. Even though cross-country differences in payment behaviours remain signifi cant for card payments, credit transfers and direct debits, it can be concluded that the countries in the European Union are now less dispersed than they were before the introduction of the single currency and the creation of SEPA. Interestingly, the integration process in the retail payments market has withstood the pressures of the recent economic crisis relatively well.
The remainder of this paper is structured as follows: in Section 2, the relevant empirical literature is reviewed; in Section 3, the sample data and summary statistics are described; and in Section 4, the concept of measuring convergence is introduced. In Section 5, the empirical results on the integration of European retail payment markets are presented; the fi nal section concludes.
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LITERATURE REVIEW LITERATURE REVIEW
This study is related to two strands of empirical literature: that on payment instrument demand and that on the integration of the fi nancial markets. 3 The methods used to measure sigma and beta convergence are derived from neoclassical growth theory and were thus originally developed and applied in the economic growth literature -important contributions include those from Barro and Sala-i-Martin (1992) , Sala-i-Martin (1996) and Mankiw et al. (1992) . The concept and methods of convergence have since been applied to various contexts and the literature is extensive. Adam et al. (2002) classify, review and apply existing indicators for capital market integration to measure integration in the European fi nancial markets. The indicators are classifi ed into four groups: indicators using interest-rate differentials to measure convergence in the interbank, government bond, mortgage and short-term corporate loan markets; indicators using the correlation with stock market returns to measure stock market integration; indicators based on the decisions of households and fi rms; and indicators based on cross-country institutional differences. This paper follows and extends the approach by Adam et al. (2002) by applying the sigma and beta convergence methods to the retail payments market. Hartmann et al. (2003) measure the integration in the fi nancial structures in the euro area by applying the sigma convergence method to countries' asset and liability components, namely currency and deposits, loans, and debt securities. By graphing the evolution of the standard deviations, the authors fi nd that, with the exception of the bond market, countries have more heterogeneous fi nancial structures. Pagano and von Thadden (2004) fi nd convergence in bond yields under the European Monetary Union, and attribute remaining yield differentials to fundamental country-specifi c default risks. Similarly to Hartmann et al. (2003) , Pagano and von Thadden (2004) do not estimate sigma convergence, but rather rely on visual inspection. Baele et al. (2004) extend the price-and quantity-based measures in Adam et al. (2002) by constructing a defi nition of an integrated fi nancial market and introducing news-based measures of integration. In addition to building a methodological framework for fi nancial market integration, Baele et al. (2004) are interested in the effects of local news versus global news on interest rates, and study integration in the government and corporate bond, credit, equity and money markets. Similarly to Adam et al. (2002) , Baele et al. (2004) do not extend the measures of integration to the retail payments market. Korkeamäki (2009) studies the effect of introducing the euro on the relationship between interest rates and stock market returns, and estimates the convergence of interest rate sensitivity across EU countries. The results imply that the interest rate risk has decreased in the period since the introduction of the euro; companies have been able to protect themselves against risks more effi ciently in a more complete and integrated European fi nancial market. Moreover, the author fi nds evidence of sigma convergence for interest rate sensitivity across European countries.
A number of studies estimate the demand for different payment instruments. Humphrey et al. (1996) estimate a model of payment instrument demand in a cross-country panel data setting. The authors study fi ve instruments: cash, paper giro, electronic giro, credit cards and debit cards. The price of a transaction, which the authors calculate based on several sources and defi nitions, is not an important determinant of demand. The signifi cance of other variables, such as the availability of point-of-sale terminals, automated teller machines (ATMs) and institutional variables depends on whether lagged use of these payment instruments and country-specifi c dummies are included in the regression. When lagged use and country dummies are dropped, the availability of point-of-sale terminals increases the demand for debit cards, but decreases the demand for all other instruments. The number of ATM terminals is positively related to the growth in debit card and credit card use, and income is positively associated with non-cash payments. Violent crime increases the use of non-paper-based instruments and the concentration of the banking sector increases the use of debit cards. The authors also fi nd some evidence of substitution between different payment instruments. Guariglia and Loke (2004) estimate the demand for non-cash payment instruments for a panel of European countries using the generalised method of moments (GMM) estimator. The results emphasise the role of past habits in determining current payment behaviour, and the importance of distinguishing between the volume and the value of transactions. Humphrey et al. (2000) forecast the evolution of the use of cheques and electronic payments in the United States, while Snellman et al. (2001) study the substitution of cash for non-cash payments in Europe and develop a forecast for the use of cash.
Measures of integration for the retail payments market have been constructed in several fi nancial integration reports produced by the ECB (see, for example, ECB (2010)). However, convergence in the retail payments market appears to have only been studied in Deungoue (2008) , who uses retail payment data mostly covering the period before the introduction of the euro (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) . In contrast, the payment data in the present study is more recent and allows the full effect of the adoption of the euro on the integration process to be estimated. The effect of introducing the euro on the sigma convergence process has not been estimated using retail payment data before. By adding euro-interaction terms to the sigma convergence estimations, the effects of the introduction of the euro on the speed of convergence can also be estimated. Moreover, the dataset used in this study allows us to make a distinction between the transactions made by debit card and credit card, and to study the convergence for e-money. Visually inspecting the data is an important fi rst step but, as the estimation results indicate, visual inspection does not always provide enough information to analyse underlying data patterns or to quantify signifi cant relationships between variables. Based on the results of this paper, some tentative conclusions can also be drawn regarding the way in which integration in retail payments market has developed during the recent economic crisis and since the introduction of SEPA. The present study uses annual data on the volume and the value of retail payment transactions for the current 27 EU countries for the period 1995-2011. The payment instruments studied are cash, debit card, credit card, direct debit, credit transfer, cheque and e-money. Mobile money is not included, since data on mobile money transactions are not available. Moreover, while mobile money is increasingly popular in some of the developing countries, it remains a marginal means of payment in Europe (see Hyytinen and Takalo (2009) , and Leinonen (2010) for a discussion of the trends and future of the mobile money market). Payment data is provided by the ECB Statistical Data Warehouse. Macroeconomic variables are collected from the World Bank and Eurostat databases.
Data on cash transactions is not generally available. This study uses the method commonly employed in the literature to approximate the value of transactional cash demand (see, for example, Snellman et al. (2001); Sisak (2011); ). Following Humphrey (2004) and Sisak (2011) , the starting point is the notion that cash is mostly used in consumer point-of-sale transactions.
To approximate the value of point-of-sale consumption, spending on education, fi nancial services, health and housing is subtracted from the total private consumption. This is done because spending on education, fi nancial services, health and housing forms the part of household consumption which does not take place at point-of-sale locations. The residual value (private consumption minus spending on education, fi nancial services, health and housing) is then used as an approximation of the total value of consumption that takes place at point-of-sale locations. Point-of-sale purchases are then reasonably assumed to be made mainly in cash and by card. The value of transactions made by debit card and credit card is then subtracted from the total value of point-of-sale consumption. The resulting value is an approximation of the value of payments made in cash. 4 The number of transactions made in cash is obtained by dividing the value of payments made in cash by the average value of a cash transaction. The average value of cash transaction is taken from the study by Schmiedel et al. (2012) ; the value varies between countries but not between years.
Tables A1-6 present summary statistics for the retail payment instruments and other variables used in the estimations. Summary statistics are presented for selected sub-periods and for the total study period 1995-2011. On average, credit transfers and cash are the most popular payment methods in terms of value and volume of transactions, respectively. Chart 1 depicts 4 Since separate data on debit and credit card transactions is not available for France, the value of "all cards", as reported inthe ECB Statistical Data Warehouse, has been used when calculating the value and the volume of cash transactions for France. The number of cheque transactions has been declining steadily, and was less than 5 billion in 2011. The number of debit and credit card transactions has been increasing and totalled approximately 28 billion in 2011. Debit cards are clearly a more popular payment medium than credit cards: over 80% of the combined debit and credit card transactions were made by debit card. The number of transactions made by credit transfer and direct debit has increased over the period studied. The number of cash transactions is measured on the right-hand scale and reaches over 155 billion.
Chart 1 Total number of transactions for the 27 EU countries
The downward trend in the number of cash transactions in the late 2000s should be interpreted with caution; since the measure of cash transactions is based on private consumption, it is very sensitive to the overall economic developments. Cash transactions are thus more likely to refl ect the impact of the fi nancial crisis on the economy than other instruments.
The real value of transactions is depicted in Chart 2, in separate panels for scaling reasons. The value of debit card transactions increases, while the value of credit card transactions decreases slightly during the period coinciding with the fi nancial crisis. According to the estimations, cash transactions reaches €3.5 trillion, and tends to decrease after the year 2000. The value for e-money payments increases signifi cantly between 2007 and 2008 but e-money, in relation to other payment 
MEASURING THE CONVERGENCE OF RETAIL PAYMENTS
To study the convergence of retail payments and the evolution of different payment instruments used in different countries, two approaches are adopted: sigma convergence and conditional beta convergence. To avoid dynamic panel bias, the conditional beta convergence is estimated using the difference GMM estimation method. The two methods give different perspectives on convergence: sigma convergence measures how the cross-country dispersion in the distribution of transactions evolves over time, while beta convergence measures how countries move within the distribution and is used to investigate whether countries which start from a lower volume or value of transactions for a particular payment instrument catch up with countries which start from a higher volume or value of transactions (Sala-i-Martin (1996) ).
SIGMA CONVERGENCE
In the presence of sigma convergence, the dispersion of payment instrument use across countries decreases over time (Sala-i-Martin (1996) ). More specifi cally, sigma convergence implies that the standard deviation of the distribution of the volume and the value of transactions for different payment instruments decreases, making the observations increasingly centred on the mean over time. Chart 3 plots the evolution of the standard deviation of the volume and the value of different payment instrument transactions per capita across the 27 EU countries. For most of the payment instruments, the standard deviation of the volume of transactions peaks immediately after the introduction of the euro in 1999. After 2000, the standard deviation seems to decrease or remain stable for all instruments, except for cheques and e-money. The standard deviation of direct debits starts to increase slightly after 2006; however, for the most recent years, there is a decreasing trend. For the value of transactions, cheques have a very high and volatile standard deviation throughout the period studied. 
MEASURING THE CONVERGENCE OF RETAIL PAYMENTS
To test empirically whether the standard deviation has a decreasing time trend, the following model is estimated:
where S t is the standard deviation of the volume or the value of transactions (in logs and per capita terms) for a particular payment instrument across the 27 EU countries in year t, D PRE is a dummy variable equalling one for the years before the introduction of the single currency in 1999, 7 D POST is a dummy equalling one for the years after 1999, D PRE * trend and D POST * trend are the time trends for the before-euro and after-euro introduction periods respectively, and ε t is the error term. Equation (1) is estimated separately for the volume and the value of all payment instruments in our data. The parameters to be estimated are intercepts α 0 and α 1 and the slope coeffi cients for the time trend before-euro and after-euro introduction, β 0 and β 1 . The estimation allows us to directly compare the speed of convergence before and after the introduction of the single currency, by comparing the estimated slope coeffi cients β 0 and β 1 . Since SEPA was introduced in 2008 and the time period after 2008 is too short to estimate time trend effects, equation (1) does not include variables indicating the introduction of SEPA.
BETA CONVERGENCE
Beta convergence takes place if countries that have a low initial volume or value of payment instrument use grow faster in the subsequent period than countries with a higher initial level of use of that payment instrument. The former are then seen as catching up with the more "evolved" latter. Thus, in the presence of beta convergence, the volume or value of payment instrument use for the preceding period is inversely related to the current growth rate for that payment instrument use. Beta convergence can be unconditional or conditional. If the convergence is unconditional, all countries are assumed to converge to the same steady state. If the convergence is conditional, countries are allowed to have different long-term levels of payment instrument use. The long-term levels of transactions are determined by control variables which include, for example, macroeconomic, technological and institutional variables.
Chart 4 depicts the relationship between the compound annual growth rate of transactions for 2000-2011 and the initial volume and value of transactions in 2000. If the catching-up process for payment instrument use does exist, the relationship between the level and the subsequent growth rate of transactions should be negative. For cash, cheques and e-money, there seems to be no such relationship. For debit and credit cards, direct debits and credit transfers, the charts suggest that there is indeed a negative relationship, but one which seems to be more non-linear than linear.
Beta convergence is estimated by regressing the growth rate of the interest variable on the lagged level of the variable, and in the case of conditional convergence, on a set of control variables. A negative and statistically signifi cant coeffi cient on the lagged level variable is seen as evidence of beta convergence (Barro and Sala-i-Martin (1992) ; Sala-i-Martin (1996) ). 
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MEASURING THE CONVERGENCE OF RETAIL PAYMENTS
The following dynamic panel data model is estimated: In equation (2), Δy it is the growth rate of the volume or the value of transactions for a payment instrument in country i, α is a constant, y it-1 is the one-year lagged level of payment instrument use in country i, X it is a set of time-varying control variables for country i, v i is a country-specifi c fi xed effect and ε it is the error term.
Equation (2) is estimated separately for the volume and the value of transactions made in cash, by debit card, credit card, direct debit, credit transfer, cheque and in e-money. In the presence of beta convergence, the coeffi cient on the lagged level of payment instrument use (β) is negative and statistically signifi cant. The bigger the beta (in absolute terms), the faster the economy is converging. The control variables in equation (2) are based on the determinants of demand for retail payment instruments in the empirical literature (see, for example, Guariglia et al. (2004) ; Humphrey et al. (1996); and Snellman et al. (2001) ). To avoid variable and instrument proliferation, cross-substitution between different payment instruments is not controlled for in the estimations.
The control variables in X it depend on the payment instrument studied. Since the use of cash is expected to be related to the opportunity cost of holding cash and the ease of acquiring cash, the deposit rate and the number of ATMs in a country are included as explanatory variables. However, the number of ATMs can have a negative effect on cash use, if the former is positively related to customers' awareness and acceptance of payment cards, or if the same cards are used to withdraw cash and make payments (Humphrey et al. (1996) ). The volume of card payments depends on the technology and infrastructure available. For credit and debit cards, the number of electronic funds transfer at point-of-sale (EFTPOS) terminals and the number of ATMs in a country are included as explanatory variables. The use of cheques or e-money is not constrained by the availability of payment technology variables (ATMs or EFTPOS terminals), so no controls for technology are added in the estimations of cheque or e-money demand. Additionally, the real interest rate (lending rate) is expected to have a negative effect on credit card use. For all payment instruments, GDP is included to control for changes in macroeconomic conditions. All value variables are in logs and in real per capita terms. Volume variables are in logs and per capita terms. Finally, equation (2) is estimated with year dummies.
8
Equation (2) is estimated by using the difference GMM method developed by Arellano and Bond (1991) and further elaborated on by Arellano and Bover (1995) , and Blundnell and Bond (1998). For more details on the estimation method and robustness tests see the Annex to this paper.
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EMPIRICAL RESULTS

Sigma convergence results from estimating the volume of transactions for the period 1995-2011 using equation (1) are presented in Table A7 . Our estimations of sigma convergence measure convergence within the 27 EU countries, without detailing the effects of individual countries or groups of countries, such as euro area or non-euro area countries, on the convergence process.
9
In the period after the euro was introduced, the standard deviation of cash use has a negative time trend. However, the coeffi cient is small, indicating that the speed of convergence is very slow. Countries diverge in terms of their debit card use before the introduction of the euro, but converge in the after-euro introduction period. The same is true for credit transfers. For credit cards, there is convergence both in the before-euro and after-euro introduction periods. The introduction of the euro has no effect on the speed of convergence: based on the F-test, the speed of convergence is equal before and after the introduction of the euro. For direct debits, the standard deviation has decreased in the after-euro introduction period; however, there is no difference in the speed of convergence between the before-euro and after-euro introduction periods. Countries seem to diverge in terms of the volume of cheque and e-money transactions, but the divergence is slower after the introduction of euro.
The estimation results for the value of transactions in the 27 EU countries for 1995-2011 are presented in Table A8 . For cash, there is evidence of convergence in the before-euro introduction period. The slope coeffi cient in the period after the introduction of the euro is negative and statistically signifi cant, but small, indicating that the speed of convergence is slow and has little economic signifi cance. For debit and credit cards, the standard deviation has a positive time trend before the introduction of the euro; however, after, their use converges. The use of direct debits diverges in the before-euro period but, after the introduction of the euro, neither convergence nor divergence is found. Countries converge in terms of credit transfers in the period after the introduction of the euro. Cheque and e-money transactions diverge, but this slows down after the introduction of the single currency. Overall, the introduction of the euro has had a positive effect on the convergence process for all payment instruments. Tables A9 and A10 Table A9 reveal that there is sigma convergence for all payment instruments, except for cheques and e-money. For the value of transactions, countries are converging in terms of all payment instruments except for e-money, as is evident from Table A10 . The results indicate that the convergence process has been faster and more comprehensive during the most recent years in the data. The overall results for sigma convergence are summarised in Tables 1 and 2 .
The conditional beta convergence results from estimating equation (2) with the difference GMM method are presented in Tables A11 and A12 . Cash shows no convergence for the number or the value of transactions. The sign of the coeffi cient on the deposit rate is consistently negative, and statistically signifi cant for the value of transactions. The coeffi cient on GDP is positive and signifi cant for the value of transactions, which is to be expected since cash transactions and consumption correlate owing to the method used to approximate cash transactions. The number of ATMs has no signifi cant effect on the volume or the value of cash use.
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Debit cards converge in terms of volume, but not in terms of value. The number of EFTPOS terminals has a positive effect on the volume of transactions, but for the value of transactions, the effect is not statistically different from zero. The results for the volume and the value of credit card transactions are comparable to the results for debit cards. For the volume of transactions, the estimated beta is negative, statistically signifi cant and of the same magnitude as the beta coeffi cient for debit cards. For the value of transactions, there is no evidence of convergence. Similarly to debit cards, the other control variables for credit cards are not statistically signifi cant.
Direct debits converge in terms of the volume and the value of transactions, while credit transfers converge only in terms of the value of transactions. For the volume of the remote payment instruments, the signifi cance of the beta coeffi cient seems to be sensitive to the number of lags used as instruments, and to the control variables included, and the results should thus be interpreted with caution. However, the results concerning the value of transactions seem to be resistant to changes in the instrument count. The number of EFTPOS terminals has a positive effect on the value of credit transfers. Even though the number of EFTPOS terminals is not directly related to the use of credit transfers, the number of terminals is likely to correlate with the overall technological readiness of a country (Columba (2009)) . The relationship between EFTPOS terminals and the use of remote payment instruments is thus likely to refl ect the underlying effect of the omitted technology variable on non-cash payment instrument use. For cheques and e-money, no evidence of convergence was found. The coeffi cient on the lagged level of use is not statistically different from zero for the volume or the value of transactions. The beta convergence results are summarised in Table 3 . To summarise, there is evidence of convergence for the volume of transactions made by debit card and credit card, and the results are resistant to different instrument counts and to changes in the model specifi cation. The results concerning the volume of direct debits and of credit transfers are sensitive to the number of lags used as instruments, and to the set of control variables in the difference GMM estimations. In contrast, when transactions are measured in terms of value, there is evidence of convergence for the remote payment instruments.
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CONCLUSIONS
Financial integration in the fi nancial markets in Europe has progressed since the creation of the monetary union. However, the level of integration depends on the market segment and seems to be sensitive to the overall trends in economic development (ECB (2012)). In order to promote integration, policy-makers need tools and indicators to measure the level and progress of integration. For retail payments, the development of these indicators has been less straightforward than for other market segments. In this paper, methods which had been applied previously to measure integration in other segments of the fi nancial markets have been applied to quantify integration in the retail payments market.
The convergence of payment behaviours across the 27 EU countries for the period 1995-2011 has been estimated. Two methods of estimating convergence have been employed: sigma convergence and beta convergence. There is strong evidence of sigma convergence, and the speed of convergence has accelerated for most of the payment instruments studied since the introduction of the single currency. The evidence concerning beta convergence is more varied. The estimation results for beta convergence suggest that countries have been catching up in terms of the volume of card payments, and the value of remote payment instruments.
Based on the fi ndings in this paper, it can be argued that payment behaviours in the 27 EU countries have become more similar since the introduction of the single currency. However, the speed of sigma convergence for cash has been very slow. Moreover, cheques and e-money are exceptions, as countries diverge in their use of these two payment instruments. One possible reason for this lack of convergence could be that there is a negative overall trend in the volume and the value of transactions made by cheque. The divergence result refl ects the fact that consumers are making fewer transactions by cheque in most of the 27 EU countries, while in the remaining EU countries, cheques are still relatively popular. For e-money, the overall number and value of transactions is increasing. This payment instrument is, however, still in its early stages of development and the total volume and value of transactions is relatively low. Countries differ in terms of the way in which they adopt payment innovations, and the dispersion in the use of e-money across countries is likely to refl ect these different adoption patterns.
The recent fi nancial crisis discouraged integration in many segments of the fi nancial markets, especially in money, bond and equity markets. There is also evidence that in banking, cross-border activity declined during the period of fi nancial turmoil (ECB (2012)). Even though payment behaviours are not likely to be affected by the same factors that led to disintegration in other fi nancial market segments, namely mistrust and increasing differences in country-specifi c risks, it is nonetheless interesting to note that the convergence in retail payment behaviours has continued regardless of the Europe-wide crisis. However, it is hard to disentangle the effects of SEPA and those of the economic crisis on the convergence process, and the present study offers only some preliminary conclusions. Since economic theory and empirical fi ndings support the fact that integration promotes competitiveness, effi ciency and growth, the process of integration should be considered benefi cial, even at times of extreme economic uncertainty. Regardless of our positive fi ndings regarding fi nancial integration, it should be noted that payment behaviours are slow to change, and the differences in payment habits across Europe remain signifi cant. The single market for European retail payments has not yet fully materialised and neither have its benefi ts. This paper may serve as a useful tool for policy-makers and market stakeholders when predicting the future trajectories of the European retail payments market. 
ANNEX
This annex presents more information on the estimation method, discusses robustness tests for empirical results and includes some of the statistical tables referred to in this paper.
THE DIFFERENCE GMM METHOD
Equation (2) is estimated by using the difference GMM method developed by Arellano and Bond (1991) and further elaborated by Arellano and Bover (1995) , and Blundnell and Bond (1998) . The dynamic panel methods, originating from Arellano and Bond (1991) , Anderson and Hsiao (1982) , Hansen (1982) and Holtz-Eakin et al. (1988) , are used to estimate models with a relatively short time dimension, dynamic dependent variable, endogenous regressors, and which show evidence of heteroskedasticity and autocorrelation within cross-section units (Roodman (2006) and Bond (2002) ). The lagged dependent variables on the right-hand-side of equation (2) generate the dynamic panel bias: the term yit-1 in equation (2) correlates with the country-specifi c fi xed effect (Nickell (1981) ). First-differencing equation (2) removes the fi xed effect, but the fi rst-differenced error term εit-εit-1 correlates with the lagged dependent variable yit-1 through the term εit-1. However, lags two and deeper of the dependent variable (yit-2, yit-3…) remain orthogonal to the fi rst-differenced error, provided that the error term is not autocorrelated. All endogenous variables in equation (2) can be instrumented with lagged values of themselves (as before, lags two and deeper), while exogenous variables function as instruments for themselves. This is known as the difference GMM method (Arellano and Bond (1991) ).
System GMM, however, estimates two equations: the fi rst-differenced equation and the original equation in levels (Arellano and Bover (1995); and Blundnell and Bond (1998) ). While the fi rst-differenced equation is instrumented, as in the case of the difference GMM method, the endogenous variables in the level equation are instrumented with lagged fi rst-differences of the endogenous variables.
There is some evidence that the system GMM method is more effi cient than the difference GMM method in small samples (Soto (2009)). However, the validity of system GMM hinges on the assumption that changes in the instrumenting variable do not correlate with the fi xed effect. In terms of instrument validity, the difference GMM estimations yielded more satisfactory results than the system GMM estimations in our sample. Thus the results are presented from estimating equation (2) with the difference GMM.
MODEL DIAGNOSTICS AND ROBUSTNESS TESTS
Based on the Arellano-Bond tests for autocorrelation, there is no evidence of second-order autocorrelation in the fi rst-differenced errors, which suggests that the errors in levels are not serially correlated. The Sargan test, which is not robust to heteroskedasticity or serial correlation, suggests problems of instrument validity in the estimations concerning the value of cheques; the Sargan test statistic is relatively close to zero for the volume of direct debit transactions. 10 However, according to the Hansen test statistic, which is robust to heteroskedasticity and serial correlation, the null hypothesis that the instruments are jointly valid is not rejected in any of the estimations. The Hansen test statistic is known to weaken when the instrument count increases. However, the number of
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June 2013 ANNEX instruments is kept moderate in all our estimations to avoid the problems caused by instrument proliferation. The instrument count is restricted in two ways: by restricting the number of lags used as instruments and by collapsing the instrument set, as suggested by Roodman (2006) . 11 Only lags two to three for the endogenous regressors are include, and the effect of adding or removing lags on the signifi cance and magnitude of the estimated coeffi cients is tested.
For the volume of transactions, the results for cheques and e-money are not sensitive to the number of instruments: the estimated beta remains statistically not different from zero, even when the maximum number of lags is used. For cash, the estimated beta is statistically signifi cant only when the maximum number of lags is used; however, as discussed previously, when the maximum number of lags is used, the results are less reliable. For debit and credit cards, the point estimate of beta remains negative, signifi cant and of the same magnitude when the instrument set is varied. For direct debits and credit transfers, the signifi cance of beta is sensitive to the instrument count and to the set of control variables used. The results for direct debits and credit transfers should thus be interpreted with this caveat in mind.
The results for the value of transactions are also robust to the instrument count for cash, cheques and e-money, even though the estimate of beta for cash and cheques was negative and signifi cant when the maximum number of lags was used. Similarly for the value of debit and credit cards, beta is negative and signifi cant when the maximum instrument set is used. However, when the maximum number of lags used, the test statistics hint at problems of instrument validity. For the value of direct debits and credit transfers, beta remains negative and signifi cant, even when the instrument count is varied.
11 There is no general rule regarding what is a good number of instruments in system and difference GMM estimations.
One rule of thumb often used in the literature is that the number of instruments should not exceed the number of cross-sectional units. Since there are 27 cross-sections in our case, the choice of instrument count can be considered to be conservative. [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] ."N" stands for the number of observations. "Stand. dev." stands for the standard deviation."Minimum" and "Maximum" are the smallest and largest values of observations.
June 2013 (1); "Time trend after-euro introduction" is estimated as β 1 ; "Before-euro dummy" is the estimated before-euro introduction intercept α 0 and "After-euro dummy" is the estimated after-euro introduction intercept α 1 . The F-test tests the hypothesis that the slope of the time trend is the same before and after the introduction of the euro. The null hypothesis is that the slopes are equal. The p-value of the F-test is reported. (1) for the period 1995-2011. The dependent variable is the standard deviation of the log volume of per capita transactions. Standard errors are in parentheses. *Signifi cant at the 5% level; *** Signifi cant at the 0.1% level. "Time trend before-euro introduction" is estimated as β 0 in equation (1); "Time trend after-euro introduction" is estimated as β 1 ; "Before-euro dummy" is the estimated before-euro introduction intercept α 0 and "After-euro dummy" is the estimated after-euro introduction intercept α 1 . The F-test tests the hypothesis that the slope of the time trend is the samebefore and after the introduction of the euro. The null hypothesis is that the slopes are equal. 
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